during S phase. Intriguingly, solely reducing the expression of Apollo was found not to result in dramatic gross chromosomal rearrangements, as one would expect of telomere capping defects. It is unclear why this is the case but a number of possibilities exist. Perhaps, instead of lacking telomere protection, Apollo-depleted cells may fail to rapidly extinguish the DNA damage response that is normally associated with telomere replication. Extending the 'DNA damage phase' of telomere replication would be predicted to result in most of the phenotypes observed with Apollo knockdown. This is an attractive possibility considering that Apollo is likely to be a 5 0 -3 0 exonuclease that shows activity towards both single-and double-stranded DNA substrates, irrespective of their sequences [10] .
Whether this putative activity is required for telomere protection will await further investigations, but assuming it does, how might a seemingly destructive activity (the nuclease) be harnessed to promote telomere capping in S phase? It is well established that a universal feature of telomeric ends is their 3 0 overhang [16, 17] . Remarkably, in human cells, the terminal sequence of the C strand normally ends with an ATC-5 0 sequence [18] . This observation suggests that cells process, in a precise manner, the telomeric C-strand following telomere replication [17] . The specification of the terminal base of the C-strand may arise from either an endonuclease that acts at a particular recognition sequence within the telomeric repeat sequence, or an exonuclease whose activity halts at a specified sequence, possibly in a manner dependent on shelterin components [17] . As the generation of the proper 3 0 overhang is essential for formation of the t-loop, and possibly other activities borne by shelterin, one can easily imagine how a defect in chromosome end processing may result in a DNA damage signal. Apollo is certainly an interesting candidate for such an activity and no doubt this possibility is currently being explored. Animal Evolution: When Did the 'Hox System' Arise?
The origins of the Hox gene clusters and their coordinated activities during development have long been of considerable interest to biologists. In a recent paper in Current Biology, the Hox-like genes of two cnidarians are interpreted as evidence that the 'Hox system', sensu stricto, originated after the split from the lineage leading to bilaterian animals and that it was not requisite for complex axial patterning.
Chris T. Amemiya 1 and Gü nter P. Wagner Hox genes are critical for the development of animals and are highly and widely conserved. The fact that Hox genes are found in animals with radically different body plans offers an opportunity to understand the nature of diversification of these body plans from a common ancestor. The intimate involvement of Hox genes in positional specification and axial patterning during development and the bizarre homeotic phenotypes observed upon perturbation of Drosophila Hox genes have led to many ad hoc hypotheses regarding their potential roles in the evolution of animals, including the idea that mutations with major effects ('macromutations') could explain the origin of novel features of the body plan [1, 2] . Adding to the mystique and presumed importance of the Hox genes was the observation that their patterns of expression along the developing embryo were tightly correlated ('colinear') with their relative genomic locations within the cluster [1] . Indeed, the Hox cluster story, with its developmental and genomic colinearity and extreme conservation, seemed almost too good to be true. Therein lay the danger, and many biologists, as well as general biology textbooks, have inadvertently treated the Hox clusters in an overly dogmatic manner using weak inductive reasoning rather than empirical findings. Modern genomics has provided surprises that have run counter to Hox dogma [3] [4] [5] [6] [7] and allow evidence-based insight into the evo-devo of the Hox genes and their clusters. A recent paper in Current Biology [8] addresses a particularly grey area and one for which there has been much speculation; namely, the early evolutionary origins of Hox genes and their involvement in axial patterning before the advent of bona fide bilaterality of the animal body plan. Kamm et al. [8] characterized the Hox genes of two cnidarians: the sea anemone Nematostella vectensis, and the jellyfish Eleutheria dichotoma. Cnidarians are one of two extant groups comprising the Radiata, a basal lineage of animals that are radially -instead of bilaterally -symmetric and that split off from the line leading to the bilaterians. It is important to note that the authors explicitly state their operational definition of a canonical 'Hox system' as one which shows three features: close chromosomal linkage of Hox genes, robust grouping of the respective Hox genes into known Hox classes and functional interaction among the Hox genes such that ''through their combined actions, [they] are responsible for patterning most or all tissues along the anterior-posterior body axis'' [8] . Regarding the first criterion, the authors were unable to find compelling evidence of clustering of the Hox genes in either of the two species; i.e., the genes were largely dispersed and interspersed with non-Hox genes. Next, the authors subjected the respective homeodomains of all the cnidarian Hox genes to in-depth phylogenetic analyses. Based on results from a wide variety of tree-building methods, no overt orthologies with Hox-classes of bilaterians could be reliably established, prompting the authors to refer to these cnidarian genes as 'Hox-like' genes. Finally, the authors compared expression patterns of the Hox-like genes between Eleutheria and Nematostella [9] . The salient comparisons suggest that the respective Hox gene expression patterns are strikingly different between the two taxa. In comparisons of the expression patterns for a presumptive orthologue across the two species as well as another jellyfish, Podocoryne carnea, it was clear that the patterns observed across all three taxa were distinct from one another.
Based on these data, the authors conclude that their operational definition of a canonical Hox system was not met. What does this mean in evolutionary terms? They suggest that, while Hox-like genes were clearly present in the ancestral lineage that led to cnidarians, these were not genomically and functionally organized into what would become the Hox cluster, as seen in most bilaterian lineages. Moreover, lack of such a mature Hox system in the cnidarians did not necessarily impede the development of axial diversification in the group, as extensive morphological complexity exists within the cnidarians -a fact betrayed by the 8-10,000 extant cnidarian species.
The two competing hypotheses regarding the phylogenetic emergence of a Hox system (sensu Kamm) are given in Figure 1 . Kamm et al. [8] favor the hypothesis that the mature Hox system emerged in the Urbilateria (common ancestor to the bilaterians), such that Hox genes were never clustered in the cnidarian genome and colinear expression patterns never evolved ( Figure 1A ). According to the second scenario (Figure 1B) , the Hox cluster emerged before the cnidarian-bilaterian divergence and, while cluster organization was retained in the bilaterians, it split apart within the cnidarians. Figure 1 . When did the Hox system arise in metazoan evolution? A simplified phylogenetic tree shows four main branches of animals as well as choanoflagellate protists as an outgroup. Two different interpretations have been put forth to explain the origins of the Hox system. (A) A Hox system is thought to have arisen (indicated by a red bar) after the divergence of the cnidarians from the common ancestor that gave rise to bilaterian animals (ecdysozoans, lophotrophozoans and deuterostomes). This view is favored by Kamm et al. [8] . (B) According to this view, the Hox system originated before the divergence of the cnidarians and bilaterians. Taxa representing deep phylogenetic branches that flank the cnidarians, such as placozoans, sponges and acoel flatworms, are not included in the tree.
aware of this. Moreover, there is a level of subjectivity in their conclusions, as the nature of each individual piece of data in-andof-itself, can be confounding. For instance, the breakdown of Hox clustering has been observed in several bilaterian groups [4, 5, 10] and in the tunicate Oikopleura the Hox cluster has diverged so dramatically that none of its Hox genes are linked [3] ; yet, all of these animals show high axial complexity and a similar Hox gene expression pattern along the body axis. Moreover, the difficulty in assigning strict Hox classes to the cnidarian Hox genes could be a result of the very old age of this lineage as well as the vagaries of using the short homeodomains (60 amino acids) for phylogenetic inference [11] . Differences in the Hox repertoire between Nematostella and Eleutheria could be significant, but a similar situation has been seen in tunicates, between Ciona and Oikopleura [3] . And with respect to the expression patterns, while we should be able to recognize when colinear patterns exist, the very deep divergence time of the cnidarian lineage may have wiped out their vestiges. Differences in expression pattern seen amongst the different taxa for the same Hox gene have also been observed in bilaterians such as fishes [12] . Finally, might the cnidarian Hox repertoire have been used in a non-colinear fashion in the myriad morphological differences seen in the group, equivalent to the stunning innovations involving Hox gene expression that were observed in a cephalopod [13] (CRAC) channel function has been identified through independent genome-wide screens. This huge advance will enable molecular dissection of the CRAC channel complex, moving the field beyond ICRAC signature to structure.
Lisbeth C. Robinson and Jonathan S. Marchant
In the years since the phenomenon of intracellular Ca 2+ store-operated Ca 2+ entry was first proposed, two black boxes have frustrated researchers: the molecular identity of the store-operated channels (SOCs) that mediate Ca 2+ entry in response to Ca 2+ store depletion, and the mechanism by which Ca 2+ store depletion is communicated to these elusive SOCs at the cell surface (reviewed in [1] [2] [3] [4] [5] ). Within the last year, however, immense progress has been made towards solving both these problems. This time last year, STIM1 (stromal interaction molecule 1) was identified as a prime candidate for the Ca 2+ sensor that couples Ca 2+ store depletion to SOC activation [6, 7] . Now, two research groups [8, 9] have independently converged upon a novel transmembrane protein essential for the function of the best defined SOC -the Ca
2+
-release activated Ca 2+ (CRAC) channel that has been electrophysiologically well-characterized in T cells and several other cell types [3, 4] . Whether this new protein proves to be the entire CRAC channel itself, an essential subunit or an obligate cell-surface regulator, the long search for a molecular identity underpinning ICRAC is over.
The major catalyst for both of these developments has been the application of genome-wide RNA
